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(54) Notebook computer with detachable infrared multi-mode input device 



(57) A notebook computer ( 1 0) with a detachable in- 
frared multi-mode input device (100), wherein the note- 
book computer (10) comprises a plurality of convention- 
al sensors (265) disposed on the notebook computer 
(10) to achieve a wide-angle infrared sensor response. 



The infrared input device comprises a mouse and a 
touchpad with an improved energy management sys- 
tem to reduce power consumption and a user settable 
identification code to prevent crosstalk with other infra- 
red devices. 
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Description 

[0001] This invention is generally related to the field 
of computer input devices, and more particularly to input 
devices for use in laptop and notebook computers. 
[0002] Compact, portable computers are becoming 
increasingly popularamong college students, business- 
people, writers, and others who require portable word- 
processing, e-mail, and computer graphics capabilities. 
In particular, notebook-sized computers, commonly 
known as "notebook computers", are becoming increas- 
ingly popular because their small size and small weight 
make them portable and convenient to use. 
[0003] It is desirable to make the notebook computer 
easy to use, particularly in a variety of locations. For ex- 
ample, many businesspeople use their notebook com- 
puter while traveling. Consequently, it is desirable that 
the notebook computer fit onto a small space, such as 
an airline seat-tray. Preferably, a notebook computer is 
also compact enough to be easily carried, such as in a 
briefcase or a piece of luggage. 

[0004] Generally, a notebook computer comprises 
two main sections. The first section is a liquid crystal 
display (LCD) for displaying information. The second 
section typically comprises a compact keypad area for 
entering data. 

[0005] Notebook computers typically do not use a 
mouse to perform a cursor scrolling and pointing func- 
tion. A conventional mouse is comparatively large and 
has a long cable which must be connected to the com- 
puter. This makes it difficult to stow the mouse within the 
computer without greatly increasing the total size of the 
notebook computer. Although a separate mouse can be 
carried by the user and connected to the computer by 
an external electrical port prior to use, it is inconvenient. 
Also, since there are typically only a limited number of 
external electrical ports, attaching an external mouse to 
a notebook computer limits the number of other periph- 
eral devices which can be attached to the computer. 
Commonly, notebook computer designers incorporate a 
touchpad or trackball proximate to the keypad to emu- 
late part of the function of a mouse. The touchpad or 
trackball performs many of the same scrolling and cur- 
sor positioning functions as a conventional computer 
mouse. However, this is not a satisfactory solution for 
many applications. For example, while a compact track- 
ball or touchpad emulates some mouse functions, a 
mouse provides superior control and user comfort for 
many applications. This is particularly true in graphics 
applications where the user "clicks" and "drags" line 
segments to create drawings. A mouse has the advan- 
tage that it can be easily moved over a comparatively 
large area with a high level of control. By way of com- 
parison, a compact trackball or touchpad requires either 
precise finger motions or slowing the cursor response 
such that many turns of the trackball or many sweeps 
across the touchpad are required to change the cursor 
position across the screen. There are also other prob- 



lems with notebook computer trackballs and touchpads, 
particularly if they are used for extended periods. For 
example, in a constrained location, such as an airline 
seat, the user may be forced into using the device in a 

s position which is uncomfortable for the user's hand. 
[0006] Trackballs and touchpads are also an unsatis- 
factory solution because of the way many businesspeo- 
ple use their notebook computer. In particular, notebook 
computers are increasingly being used in sales presen- 

10 tations. High performance notebook computers have 
excellent graphics capability. Information on product 
lines and interactive sales presentations can be stored 
in notebook computers and presented to a group of pro- 
spective customers. However, since the best viewing 

is position is directly in front of the computer, the salesper- 
son must pos it ion themselves to the side or at a distance 
from the notebook computer to permit their customers 
the best view of the screen. Consequently, the salesper- 
son needs to connect an external input device with a 

20 long cord if they are to guide the computer presentation. 
However, the physical size of many external input de- 
vices is inconsistent with the goal of a compact, note- 
book-sized computer which is highly portable (i.e., one 
that can be easily. transported in a salesperson's brief- 

25 case). Additionally, separate input devices with long 
cords have the disadvantage that they can easily be- 
come lost, tangled, or damaged during transportation. 
Moreover, since a notebook computer is extremely light, 
an input device connected to the notebook computer by 

30 a long cable creates the risk that the notebook computer 
may be accidently dragged to the ground. 
[0007] One attempted solution to some of these prob- 
lems is a portable computer design with an internal cav- 
ity to house a conventional cable-connected mouse 

35 which can be stowed when not in use. For example, U. 
S. Patent No. 5,490,039 discloses a portable computer 
with a mouse designed to be stowed in a cavity in the 
personal computer. However, the mouse would have to 
be extremely compact to fit into a notebook computer, 

40 which would tend to make it uncomfortable during ex- 
tended use. Additionally, if the mouse cable was made 
long enough to facilitate business presentations it could 
easily tangle or become snagged. Moreover, given the 
light weight of a notebook computer, a mouse operated 

45 from a distance creates the potential for the notebook 
computer accidentally being dragged by the mouse 
wire, which may damage the electrical connections or 
drag the computer off of a table or desk upon which it is 
placed. 

so [0008] Another attempted solution to some of these 
problems is a wireless mouse coupled to the computer 
by electromagnetic means. In particular, the use of an 
infra-red communications link between a wireless 
mouse and a computer has been proposed. For exam- 
pfe, U.S. Patent No. 5,726,684 discloses a laptop com- 
puter with a detachable mouse-trackball pointing device 
in which infrared radiation transmission may be used to 
couple the input device with optical sensors located on 
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the keyboard section of the computer, such as in a cavity 
in which the pointing device may be stowed when it is 
not detached from the unit. Similarly, U.S. Patent 
5,049,863 discloses a cursor key unit having a mouse 
function which may be coupled to the keyboard by op- 
tical signals. The cursor key unit pulls out from a cavity 
in the keyboard section and transmits optical signals to 
sensors located in the cavity. However, there are numer- 
ous problems with coupling an input device to a note- 
book computer using infra-red or optical signals. One 
problem is that common infrared signal sources, such 
as light-emitting diodes, consume a lot of power. A typ- 
ical gallium arsenide diode, for example, requires a volt- 
age in excess of 1 .5 volts and typically requires a current 
of one-to-100 milli-amperes to produce a reasonably 
strong infrared signal. Another problem is that substan- 
tial power is needed to a provide a movement sensing 
function A wireless mouse incorporating sensors, an in- 
frared source, and control electronics may consume 
substantial amounts of battery power, particularly if the 
power of the infrared source is increased such that the 
mouse can be operated a substantial distance from the 
optical sensor. Consequently, the battery lifetime of a 
wireless mouse may be poor, especially if a compact 
battery is used. A short battery lifetime not only increas- 
es the operating cost of the notebook but also increases 
user frustration. For exampfe : a wireless mouse with a 
short battery lifetime (e.g., one week) requires a sales- 
person to bring along extra batteries during a business 
trip and to proactively change batteries before important 
presentations. 

[0009] Another important issue in the design of input 
devices for notebook computers is ergonomics, which 
has not been addressed in the context of compact wire- 
less mouse/trackball units. Space and weight are at an 
extreme premium in a notebook computer. A wireless 
mouse designed to fit within a cavity in a notebook com- 
puter must be extremely compact. However, even small 
reductions in size of conventional computer input devic- 
es may result in the notebook computer being uncom- 
fortable to use. Generally while extensive research has 
been done on achieving a comfortable hand-grip for 
conventional mouse designs, the issue of achieving a 
compact mouse with a comfortable hand grip has not 
been addressed in the context of wireless mouse de- 
signs suitable for notebook computers. 
[0010] Still another drawback with previously known 
wireless mouse designs is that they merely replicate the 
function of a touchpad or trackball integrated into the 
notebook computer. In particular, conventional wireless 
mouse designs, such as that of U.S. Patents Nos. 
5,049,863 and 5,726,684, merely permit the user to de- 
tach the input device from the keyboard and displace it 
a short distance in front of the computer. The input de- 
vice in its detached mode cannot be used to perform 
functions substantially different from those available in 
its attached mode. Another reason why previously 
known wireless mouse designs do not substantially in- 



crease the functionality of a computer is that the wireless 
mouse must be operated within a comparatively short 
distance of the computer. Since a light emitting diode 
emits light in a diverging, but predominately line-of-sight 
s mode, the input devices of U.S. Patent Nos. 5,049,863 
and 5,726,684 must be used with the input device dis- 
posed substantially pointing towards the sensor located 
along a portion along the keyboard {i.e., within a key- 
board cavity) . Thus, the wireless input devices of U.S. 
10 Patent Nos. 5,049,863 and 5,726,684 would not be of 
much use in locations, such as an airline seat, where 
the user does not have access to a planar surface di- 
rectly in front of the keyboard sensor. Also, wireless in- 
put devices in which the sensors are configured in a key- 
is board cavity are completely inconsistent with a sales- 
man using an input device from a distance while a pro- 
spective customer sits directly in front of the keyboard, 
since the customer's body would shield the keyboard 
sensors from infrared signals. Moreover, the wireless in- 
put devices of U.S. Patent Nos. 5,049,863 and 
5,726,684 would require substantial amounts of battery 
power to be operated at a distance from the keyboard. 
[0011] Conventional wireless mouse designs provide 
the limited benefit of permitting the user to operate the 
input device a short distance directly in front of the key- 
board of the computer without an additional cord. How- 
ever, conventional wireless mouse designs have many 
limitations, particularly if the unit is reduced in size so 
that it may be inserted into a cavity in a notebook com- 
puter. Consequently, many consumers may decide that 
the small benefit of a wireless mouse does not justify 
the additional initial hardware cost, increased mainte- 
nance costs (for batteries), and physical discomfort of 
using a non-ergonomic input device. 
[0012] What is desired is a new notebook computer 
and wireless input device design which is energy effi- 
cient, consistent with operating the input device an ex- 
tended distance from the computer, and which increas- 
es the functionality available to a user interacting with a 
notebook computer. 

[0013] The present invention relates to a wireless in- 
put device for realizing a mouse-like function and an in- 
ventive sensor configuration which permits a notebook 
computer to inexpensively achieve a wide angle sensor 
response. Preferably the wireless input device is used 
in combination with the sensor configuration in order to 
realize the full benefits of the present invention. 
[0014] A notebook computer embodying the invention 
may orient its sensors to reduce shadowing. In a pre- 
ferred embodiment, the signals of two or more sensors 
are combined to achieve a wide-angle sensor response 
with a small number ol sensors. 

[0015] In a preferred embodiment, two spaced-apart 
sensors are disposed on the frame of a liquid crystal dis- 
play (LCD). A wide-angle sensor response with only two 
sensors (receivers) spaced apart along the lower edge 
of the LCD frame is facilitated by tilting the two sensors 
with respect to the surface of the LCD to improve sensor 
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response. In a preferred embodiment the sensors are 
angled down at less than about nine degrees and angled 
out towards the sides at an angle of less than about thir- 
teen degrees. 

[0016] Another feature of the present invention can in- 
clude signal arbitration circuitry which permits a note- 
book computer to interact with an auxiliary infrared input 
device in a variety of ways. In a preferred embodiment, 
arbitration circuitry permits the user to select whether 
the infrared input device is used alone or in combination 
with other input devices, such as other input devices 
fixed to the notebook computer, cable connected input 
devices, or other wireless input devices. 
[001 7] An input device embodying the invention com- 
prises a mouse and preferably at least one other input 
device, such as a touchpad, and the input device may 
have an improved power management design. The ro- 
tary encoders of the mouse are operated in low-power 
polling mode when the mouse is in a quiescent state. A 
range switch permits a user to adjust the wireless power 
commensurate with a particular use. Also, cursor posi- 
tion data is transmitted in pulsed form so that no trans- 
mitter power is required in a quiescent state. Another 
feature of the input device is a user settable identifica- 
tion code to prevent crosstalk with other wireless devic- 
es. A further feature of the input device is an ergonomic 
design that facilitates a user comfortably using the input 
device as both a mouse and as a touchpad. 
[0018] A detailed description will now be given, by 
way of example, with reference to the accompanying 
drawings, in which: 

[0019] FIG. 1 is a perspective view of a notebook com- 
puter embodying the present invention. 
[0020] FIG. 2A is a perspective view of an infrared in- 
put module embodying the present invention. 
[0021] FIG. 2B is a cross -sectional view of the input 
module of FIG. 2A along line 2B-2B. 
[0022] FIG. 2C is a top view of the input module of 
FIG. 2A. 

[0023] FIG. 2D is a cross-sectional view of the input 

module of FIG. 2C along line 2D-2D. 

[0024] FIG. 3 is a perspective view of the notebook 

computer showing the position and acceptance angle of 

a sensor disposed along a front edge of the computer 

base. 

[0025] FIG. 4 is a perspective view of the notebook 
computer showing the position and acceptance angle of 
a sensor disposed along a side edge of the computer 
base. 

[0026] FIG. 5 is a perspective view of the notebook 
computer showing the position and acceptance angle of 
a plurality of sensors disposed along the computer base. 
[0027] FIG. 6 is a perspective view of the notebook 
computer showing two elevated sensors disposed 
above the computer base. 

[0028] FIG. 7A is a side view of a notebook computer 
showing an elevated sensor disposed on the LCD bezel 
frame. 
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[0029] FIG. 7B is a perspective view of a notebook 
computer showing an elevated sensor disposed on the 
LCD bezel frame. 

[0030] FIG. 7C is a perspective view of another em- 
$ bodiment of a notebook computer of the present inven- 
tion showing an elevated sensor disposed on the LCD 
bezel frame. 

[0031] FIG. 8 is a perspective view ola notebook com- 
puter showing two spaced-apart sensors disposed 

io along the upper edge of the LCD bezel frame. 

[0032] FIG. 9 is a perspective view of a preferred em- 
bodiment of the notebook computer of the present in- 
vention comprising two space-apart sensors disposed 
along the lower edge of the LCD bezel frame. 

is [0033] FIG. 10 is a rear view of the LCD bezel frame 
of FIG. 9, showing the orientation of the sensors. 
[0034] FIG. 11 A is a detailed view of one sensor of 
FIG. 10. 

[0035] FIG. 11B is a perspective view of the seating 
20 elements used to achieve the desired sensor orientation 
for the sensor of FIG. 11 A. 

[0036] FIG. 12A is an illustrative top view showing 
how angling sensors towards the edges of the computer 
base improves sensor reception in those areas. 

25 [0037] FIG. 12B is an illustrative side view showing 
how angling sensors down towards the front of the unit 
improves sensor reception in front of the computer base. 
[0038] Fl G . 1 3 is an electron ic block diagram showing 
how a plurality of sensor inputs may be combined to- 

30 gether. 

[0039] FIG. 1 4A is an electronic block diagram of the 
input module of the present invention. 
[0040] FIG. 14B is an illustrative plot of a stream of 
pulse position modulated pulses produced from the in- 
35 frared transmitter of FIG. 1 4A. 

[0041] FIG. 15 is a perspective view of a single con- 
ventional rotary encoder used to determine mouse-ball 
position in one direction. 

[0042] FIG. 16 is a flow chart showing the inventive 
40 method of utilizing rotary encoders as low-power motion 
sensors during quiescent periods. 
[0043] FIG. 17 shows the preferred three-byte data 
block for transmitting data. 

[0044] FIG. 1 8 is a perspective view of an infrared in- 
45 put module embodying the present invention held as a 
mouse. 

[0045] FIG. 1 9 is a perspective view of an infrared in- 
put module held in the palm as a touch-pad input device 
as another embodiment of the present invention. 
so [0046] FIG. 20 is perspective view of the input module 
held in the palm showing the accessibility of the thumb 
to the touch-pad surface. 

[0047] FIG. 21 shows a top view of the input module 
with two thumbs, in phantom, superimposed above the 
55 surface. 

[0048] FIG. 22 is an electronic circuit schematic of a 
sensor receiver unit wired to provide data pulses. 
[0049] FIG. 23A is a circuit schematic of a portion of 
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an infrared receiver control circuit which may be em- 
ployed in the present invention. 

[0050] FIG. 23B is a circuit schematic of a portion of 
keyboard control circuitry which may be employed in the 
present invention. s 
[0051] FIG. 23C is a circuit schematic of an enable/ 
disable circuit for the pointing devices of FIGs. 23A and 
23B. 

[0052] FIG. 23D is a circuit schematic of signal termi- 
nations for the receiver and keyboard control circutry of 
FIGs. 23A and 23B. 

[0053] FIG. 24 is an electronic block diagram showing 
how receiver inputs are sent to a control unit coupled to 
keyboard inputs. 

[0054] FIG. 25 is a perspective view of a mouse/track- 
ball infrared input module. 

[0055] FIG. 26 is a perspective view of a mouse/ergo- 
track infrared input module. 

[0056] FIG. 27 is a perspective view of a mouse/joy- 
stick infrared input module. 

[0057] FIG. 28 is a perspective view of a mouse/mi- 
crophone infrared input module. 

[0058] FIG. 29 is a perspective view of a mouse/cam- 
era infrared input module. 

[0059] FIG. 30 is a perspective view of a mouse/laser 
pointer infrared input module. 

[0060] FIG. 31 is a perspective view of a mouse/nu- 
meric input pad infrared input module. 
[0061] FIG. 32 is a perspective view of a mouse/finger 
print identification infrared input module. 
[0062] The following embodiment relates to an infra- 
red input device to realize a mouse-like function and a 
sensor configuration which permits a notebook compu- 
ter to inexpensively achieve a wide angle infrared sen- 
sor response. Preferably the infrared input device is 
used in combination with the sensor configuration in or- 
der to realize the full benefits of the present invention. 
However, the present invention is not restricted to infra- 
red technology. 

[0063] This embodiment also comprises a variety of 
other features which provide important benefits and 
which increase the functionality of an infrared input de- 
vice. Energy efficient power management substantially 
reduces the quiescent energy requirements for the in- 
frared input device, which improves battery lifetime. Sig- 
nal arbitration circuits in the notebook computer permit 
the infrared input device to be used in a variety of new 
ways with other input devices. The ergonomic design of 
the infrared input device also permits the unit to be used 
comfortably with a variety of hand grips, which facilitates 
using the input device as a mouse, touchpad, or in other 
ways. 

[0064] FIG. 1 is a perspective drawing showing a 
compact notebook computer 10 embodying the inven- 
tion. The notebook computer has a liquid crystal display 
(LCD) screen 20 disposed on an LCD bezel frame 30 
coupled by hinges 40 to a computer base portion 50. As 
shown in FIG. 1 , the LCD bezel frame comprises a sub- 



stantially rectangular frame for holding a LCD screen 20. 
The computer base 50 contains a conventional compu- 
ter keyboard section 60 (not shown in detail) for typing 
in information. The computer base 50 comprises an out- 
er frame, or housing, 51 which contains the computer 
electronics. 

[0065] The computer base 50 also has a pointing de- 
vice 70 which emulates part of the function of a conven- 
tional mouse. The pointing device 70 may comprise a 
glide point, dome point, or other compact pointing de- 
vice. The pointing device 70 is attached to the notebook 
computer. The notebook computer 10 may also have 
modules 80 and 90 which slide into the base portion 50. 
These modules may comprise a battery unit or other 
electronic functions, such as a hard disk drive unit. How- 
ever the function of modules 80, 90 could also be 
achieved by including the function of modules 80,90 in- 
side the base 50. 

[0066] A notebook computer has a comparatively thin 
computer base portion 50. Typically, the base region 50 
is less than about three centimeters thick. A compact 
detachable infrared input module 100 with a thickness 
of about 2 centimeters slides into a slot 55 in base region 
50, preferably underneath pointing device 70; Compact 
detachable input module 100 provides mouse-like cur- 
sor control inputs to notebook computer 10. The thick- 
ness of infrared input module 100 is limited by the thick- 
ness of typical notebook computers. As shown in FIG. 
1, detachable infrared input module 100 is preferably an 
auxiliary input device which performs a separate input 
function from pointing device 70. 
[0067] There are many benefits to using detachable 
input module 1 00 as an auxiliary input device. One ben- 
efit is that if input module 100 is used as an auxiliary 
input device its own miniature batteries (not shown in 
FIG. 1) last longer than if it was used as the sole input 
device. Another benefit of an auxiliary input device is 
that it may be designed as a multi-mode input device 
which increases the functionality of the computer. For 
example, an auxiliary input device can have a different 
cursor control device than the primary pointing device 
70. 

[0068] Another benefit of an auxiliary input device is 
that it permits the user greater freedom to combine sev- 
eral input devices together to increase the functionality 
of a notebook computer. For example, with appropriate 
signal arbitration, a salesperson could input pointing or 
other data from an infrared input module 100 while a 
customer used the primary pointing device 70 and/or a 
conventional wire-connected mouse. 
[0069] Moreover, an auxiliary infrared input module 
100 may be designed to incorporate additional func- 
tions, such as a laser pointer. A laser pointer could be 
used by a salesperson to point out particular objects on 
a screen or be used by a group of designer to facilitate 
a discussion regarding critical features of a schematic 
diagram presented on the computer screen. The auxil- 
iary input device could also perform other control func- 
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tions besides a cursor control function. For example, the 
auxiliary input device could have additional control fea- 
tures to input numbers, which may facilitate an electron- 
ic sales presentation or be used in other ways, such as 
permitting a salesperson to remotely dial phone num- 
bers. 

[0070] Preferably, the computer is programmed to 
permit inputs from the pointing device 70 and the de- 
tachable input module 100 in variety of ways, such as 
an or-mode (accepting inputs from either device simul- 
taneously) or an exclusive-or-mode (only one input de- 
vice or the other). An or-mode for example, permits a 
salesperson and a customer to simultaneously input 
mouse-information to a notebook computer. Preferably 
the notebook computer has signal arbitration circuitry 
which permit a first mode in which the notebook compu- 
ter locks out signals from auxiliary input devices and at 
least one other mode in which signal inputs from primary 
and auxiliary inputs are added together cumulatively to 
permit several input devices to be simultaneously used. 
[0071] FIG. 2A is a perspective view of a preferred 
embodiment of the detachable input module 100 which 
can function as a detachable mouse. The detachable 
input module 100 also preferably hasatouchpad 110 or 
other device which performs the function of emulating a 
mouse function based upon a user's finger inputs. This 
permits the detachable input module 100 to be used to 
control cursor function even in situations, such as riding 
in an airplane seat, when it is not possible for the user 
to use the detachable input module 100 as a mouse. 
Circuits which may be used to toggle between different 
input devices, such as mouse/trackball hybrids, are well 
known in the art. 

[0072] The detachable input module 100 also prefer- 
ably has mouse buttons 120 which perform a compara- 
ble function to that of conventional mouse buttons used 
to perform a "clicking" function. The detachable input 
module 100 preferably also has two flared sides 130. 
The flare is preferably setected to match the bevel angle 
of the front edge 57 of the base portion 50. This facili- 
tates a conformal fit of the detachable input module 100 
when it is stowed in slot 55. However, preferably both 
sides are flared to facilitate a comfortable grip. FIG. 2B 
is a cross sectional view of the detachable input module 
100 along the line 2B-2B of FIG. 2A. The bottom side 
145 of the detachable input unit 100 has a compact 
mouse-ball 140 which is about sixteen millimeters in di- 
ameter. The maximum width 1 50 of the detachable input 
unit 100 is between four-to-six centimeters and prefer- 
ably about five centimeters. The maximum thickness 
155 is less than three centimeters and preferably about 
two centimeters. FIG, 2C is a top view of detachable in- 
put unit 100. The mouse buttons 1 20 preferably have a 
length 160 of about two centimeters. The touchpad 110 
preferably has a length 165 of about four centimeters. 
FIG. 2D is a cross sectional view of the detachable input 
unit 100 along the line 2D-2D of FIG. 2C. The detacha- 
ble input unit has a length 170 between six-to-eight cen- 



timeters and preferably about seven centimeters. Along 
a first edge 1 75 proximate to mouse buttons 1 20 is dis- 
posed an infra-red transmitter 180. Additional miniature 
control switches 190 are disposed along the surface of 
s the detachable input unit 100, such as along a second 
edge 185. An identification code switch 143 may also 
be disposed on a portion of the unit, such as in recessed 
portion near the mouse ball 140. 
[0073] Infrared transmitter 180 permits the detacha- 
10 ble input unit 100 to communicate data signals to infra- 
red sensors/receivers (not shown in FIG. 1) disposed 
on the notebook computer 10. The general principles of 
infrared transmitters and sensors are well known. Also 
the general principles to encode data into a digital pulse 
15 format suitable for infrared transmission and detection 
are well known. Typical infrared emitters, such as light 
emitting diodes (LEDs), emit light in a relatively narrow 
diverging cone corresponding to an elliptical beam with 
a beam divergence of about thirty degrees in one direc- 
20 tion and sixty degrees in another direction. Some vari- 
ation in beam divergence may be achieved using differ- 
ent LEDs and/or lense configurations. However, LEDs 
typically produce a beam with a comparatively narrow 
beam divergence. 
2S [0074] A feature of this embodiment is a notebook 
computer sensor design which permits a notebook com- 
puter to function as a wide angle infrared sensor using 
a minimal number of comparatively inexpensive infrared 
sensors. Conventional wireless mouse designs com- 
30 monly utilize a single infrared sensor located on the front 
or side edge of the keyboard to detect infrared radiation 
from an infrared mouse. This is the most efficient sens- 
ing region for a mouse rolled upon a surface proximate 
to the front or side of the keyboard, since the LED beam 
35 directly faces the sensor. However, the inventors have 
recognized that this approach limits the potential use of 
a detachable mouse to a surface immediately proximate 
to the keyboard sensor. 

[0075] A detached infrared input module 1 00 commu- 

40 nicating with a sensor disposed on a portion of a note- 
book computer can be modeled as a free space infrared 
communications link with shadowing effects at the re- 
ceiver sensor. The methods to calculate the power den- 
sity from an infrared source traveling in free space as a 

45 function of distance and angle from the infrared source 
are well known. To first order, the power density of a 
diverging LED beam traveling in free space will de- 
crease inversely with the square of the distance from 
the source. Also, common infrared sensors used to de- 

50 tect pulse modulated infrared signals have an inherent 
angular response related by principles of geometrical 
optics regarding how large a fraction of the input beam 
is coupled to the semiconductor material comprising the 
sensor. Typically, the strongest response is for infrared 

55 light impinging substantially normal to the surface of the 
detector and decreasing very rapidly beyond some an- 
gular range. For example, the Toshiba Photo IC Model 
TPS831, which contains a photodiode, l-V converter, 
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bandpass filter, and other control electronics to detect 
pulse-position modulated signals, has a strong angular 
dependence for light impinging at angles about sixty de- 
grees from the horizontal and about thirty degrees from 
the vertical relative to the surface of the IC. 
[0076] However, the inherent angular response of a 
detector is further limited by shadowing effects. The 
notebook computer housing tends to shadow, or block, 
portions of an elliptical infrared beam directed at the 
notebook computer. FIG. 3 is perspective view of a note- 
book computer with an infrared sensor element 1 95 
mounted in a cavity region 55 of the front edge 57 of the 
keyboard. The sensor 195 will intercept an infrared sig- 
nal within a cone of unshadowed angles 200 in front of 
the sensor. However, an infrared mouse 205 with an in- 
frared emitter 210 emitting light in an elliptical beam with 
a diverging beam 215 may not have its infrared signal 
received by sensor 1 95 if the mouse 205 is offset from 
the sensor, located to one side of the keyboard, or if the 
cmiUer does not substantially point towards the sensor. 
FIG 4 is a perspective view of a notebook computer with 
h sensor 1 95 mounted on a side edge 52 of the key- 
board. However, a problem with this arrangement is that 
the sensor 205 is shadowed from the diverging beam 
215 of an infrared emitter 210 disposed in the front 57 
of opposed side 54 of the keyboard. 
[C077] The shadowing problem is further exacerbated 
if an infrared input device is not operated on the same 
planar surface which holds the notebook computer. This 
may occur, for example, in some desks with offset side 
panels which are integral to, or pull out from, the main 
desk area. For example, an infrared input device oper- 
ated from a pull-out desk shelf is at a lower elevation 
and/or angled with respect to the keyboard of a note- 
book computer operated on a main desk surface. Con- 
sequently, the shadowing problems may be extremely 
severe. 

[0078] Another problem which exacerbates shadow- 
ing is related to the fact that computer users have dif- 
ferent preferences regarding how they position and use 
a mouse. Many right-handed users prefer the mouse to 
be oriented on the right side of the keyboard whereas 
many left-handed users prefer a mouse to be oriented 
on the left-side of the keyboard. Also, some users prefer 
the mouse to be disposed in front of the keyboard. 
Mouse response rates are another variable. Many users 
prefer that the mouse response is set so that the mouse 
covers the entire screen area with only a few centime- 
ters of mouse movement. However, other users, such 
as those using computer graphics programs, prefer a 
very slow mouse response so that they have more con- 
trol over the mouse function. In many cases, it is likely 
that the mouse will not be directly pointed at a single 
edge 52, 54 of the keyboard during part of its normal 
use. Only a small portion of the edges of the elliptical 
LED beam may indirectly intercept sensors disposed on 
the computer base 50. 

[0079] One possible solution to the shadowing prob- 



lem is to utilize a plurality of infrared emitters to create 
a wider and/or stronger infrared beam. For example, the 
infrared input device could utilize two offset and/or an- 
gled LED's to increase the likelihood that part of the di- 

s verging infrared beam is intercepted by a keyboard sen- 
sor. However, this approach is undesirable because it 
substantially increases the power requirements of a 
wireless input device, thereby shortening battery life. 
[0080] In this embodiment, the location and number 

10 of sensors is selected to achieve a wide angle infrared 
sensor function with a small number of appropriately po- 
sitioned sensors. A wide angle sensor response is a re- 
sponse for which infrared signals may be received from 
a radially separated infrared source over a large solid 

15 angle comprising at least a substantial fraction of that 
which would be achieved in an unshadowed single sen- 
sor. The inventors have recognized that by changing the 
location of an infrared sensor disposed on notebook 
computer 10, shadowing can be mitigated for an indi- 
go vidual sensor. Also, the inventors have recognized that 
using two or more appropriately spaced-apart sensors 
operating together provides a substantia! benefit in the 
range of angles over which infrared signals may be de- 
tected. As shown in FIG. 5, two or more spaced apart 

2$ detectors 220 along the front edge 57 of the keyboard 
with overlapping sensor acceptance angles 225 greatly 
increases the effective acceptance angle. Also, addi- 
tional sensors 230 with acceptance angle 235 located 
on one or both side edges 52 : 54 of the keyboard further 

30 increases the effective acceptance angle. Depending 
upon the particular sensor optics, about four-to-six sen- 
sors mounted on the sides of the keyboard would be 
required to achieve a wide angle infrared sensor func- 
tion around the entire plane of the keyboard. While the 

35 inventive sensor arrangement shown in FIG. 5 is one 
possible solution to the shadowing problem, it utilizes a 
comparatively large number of sensors which increases 
the cost of the notebook computer. Also, each sensor, 
including wiring and mechanical connections, con- 

40 sumes precious space and electrical power. Thus, the 
inventive sensor arrangement of FIG. 5 is not a pre- 
ferred implementation of a wide-angle infrared sensor 
function. 

[0081] As shown in FIG. 6, another means to create 
45 a wide angle infrared sensor response is to utilize ele- 
vated sensors 240 mounted on the computer base 50. 
Elevated sensors 240 could slide out or pop-out of the 
computer base or the LCD bezel. A portion of the ele- 
vated sensors 240 is elevated above the surface of the 
so keyboard 60 to prevent the keyboard 60 and computer 
base 50 from shadowing the sensor. An advantage of 
elevated sensors 240 is that elevated sensors 240 in- 
tercept a portion of the elliptical LED beam from an in- 
frared source which is not co-planar with the base of the 
55 notebook computer, such as a mouse operated on a 
slightly raised surface. The inventive notebook compu- 
ter of FIG. 6 is one solution to achieving a wide angle 
infrared sensor function. However, it has the disadvan- 
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tage that additional mechanical parts are required to 
form elevated sensors 240 which slide-out or pop-out of 
the keyboard base or the LCD bezel frame 30. Addition- 
ally, it has the disadvantage that the mechanical parts 
may be fragile. 

[0082] The inventors have recognized that the advan- 
tage of an elevated sensor which is not substantially 
shadowed by keyboard 60 and computer base 50 can 
be achieved by mounting at least one sensor on the LCD 
bezel frame 30. During normal operation the LCD 
screen 20 has a bezel frame 30 which is elevated above 
the keyboard 60. Mounting at least one sensor on the 
bezel frame 30 helps to eliminate shadowing, particu- 
larly if the infrared source is operated from a non-copla- 
nar surface. FIG. 7A is side view of a notebook computer 
in which at least one sensor 245 is mounted on an ele- 
vated portion of the bezel frame 30. As shown in FIG. 
7 A, the cone of acceptance angles 250 for the sensor 
245 may include regions beyond a desk or table surface 
250 supporting the computer base 50. This facilitates 
operating an infrared mouse 205 having an emitter 210 
with diverging beam 260 from a non-coplanar surfaces, 
since shadowing from the keyboard 60, computer base 
50 and a table surface 250 is reduced. Preferably, at 
least one sensor is mounted on an elevated portion 32 
of the LCD bezel. As shown in FIG. 7B, a single sensor 
245 may be mounted on an elevated portion 32 of the 
bezel frame 30, such as on a center portion of the bezel 
frame. Alternatively, as shown in FIG. 7C, a single sen- 
sor 245 may be mounted towards an upper corner of the 
bezel frame 30. 

[0083] A single sensor mounted on an elevated por- 
tion of the bezel frame is substantially unshadowed. 
However, the inherent response of the sensor may still 
not permit as wide an angle of response as desired, par- 
ticularly towards one or both edges of the keyboard. 
However, as shown in FIG. 8, two or more spaced-apart 
sensors 265 may be mounted on an elevated section of 
the bezel frame 30, such as on an upper portion 32 of 
bezel frame 30. Also, sensors mounted on the LCD bez- 
el frame 30 may be used in combination with sensors 
mounted on the computer base 50 to achieve a wide 
angle infrared sensor function. Additional wide angle 
lenses may also be used to enhance the sensor func- 
tion. However, it is desirable to achieve a wide angle 
sensor function with a minimum number of sensors, ex- 
pensive lenses, and mechanical components. 
[0084] The inventors have experimentally determined 
that appropriate placement and angling of the sensors 
may be used to achieve a wide angle sensor function 
using only two conventional sensors. FIG. 9 shows a 
preferred embodiment in which two sensors 265 are 
spaced apart along the bottom edge 34 of the LCD bezel 
frame 30. This design has the advantage that it is easier 
to mount conventional infrared sensors along the bot- 
tom edge 34 because of the space constraints. FIG. 10 
is a rear view of the LCD bezel 30 in the preferred em- 
bodiments showing the sensors 265 mounted near the 



bottom edge 34 of the bezel frame 30. The sensors are 
mounted so that during operation the sensors are point- 
ed slightly down and to the sides of the notebook com- 
puter. FIG. 11 A is a detailed view of one sensor 265 at- 

5 tached to a mounting frame 268. One or more plastic 
seating elements 270 allow conventional sensors to be 
directly inserted at the preferred angles with respect to 
the rear surface 33 or front surface 35 of the housing 
forming the LCD bezel frame 30. As shown in FIG. 11 B, 

io the seating elements 270 may be molded pieces that 
define surfaces 272 upon which the mounting frame 268 
of sensor 265 seats. However, while FIG. 1 1 B shows an 
inexpensive technique to achieve the desired sensor 
angles, other techniques are also possible. In particular, 

15 the seating elements 270 could also comprise adjusta- 
ble elements, such as screws to adjust the height of the 
seating surfaces 272 so that the sensor angles could be 
adjusted by the user. 

[0085] Preferred sensor angles are with the sensors 

20 pointed downwards toward the front edge 57 of key- 
board 60 with an arc angle 275 less than about nine de- 
grees and out towards the sides 52,54 of the keyboard 
with an arc angle 280 of about thirteen degrees. In the 
preferred embodiment, angling the sensors slightly 

25 down toward the keyboard facilitates operating an infra- 
red mouse in front of the notebook computer. Angling 
the sensors slightly out towards the edge of the key- 
board facilitates operating an infrared mouse on either 
side of a notebook computer. FIG. 12A is a top view, not 

30 to scale, illustrating two sensors with respect to the key- 
board. Angling the sensors 265 out to the sides of the 
computer base 50 improves sensor reception in these 
areas. FIG. 12B is a side view, not to scale, showing a 
sensor angled with respect to the LCD screen 20. An- 

35 gling the sensor down improves sensor response in an 
area directly in front of the keyboard. The slight tilt of the 
sensors in the preferred embodiment provides the ben- 
efit that it permits a small number of sensors (two) to 
perform a wide angle sensor function which ordinarily 

40 would require three or more sensors and/or additional 
optical elements. 

[0086] The preferred sensor angle orientation will de- 
pend upon the placement of the sensors 265 on note- 
book computer 10 and other details, such as the lenses 

45 used to couple light to the sensors. However, inexpen- 
sive sensors typically have comparatively simple optics, 
such as a wide angle window (e.g., a "bubble" window) 
which permits light to impinge upon a substantially pla- 
nar detecting surface. The desired sensor angle can be 

50 determined by principles of geometric optics to minimize 
deleterious shadowing effects. Moreover, while fixed 
sensor angles are the simplest to manufacture, adjust- 
able sensor angles are within the scope of the present 
invention. For example, many users operate their 

55 mouse only along one portion of the keyboard 60. Con- 
sequently, a sensor response which is optimized for 
mouse position in front of and along one side of the com- 
puter base 50 may be preferable for some users. Also, 
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in some cases a salesperson may desire to give a pres- 
entation from an extreme angle to the side of the com- 
puter base 50. To accommodate these situations, one 
or more sensors 265 could have set-screws or set-pins 
to permit the user to customize a wide angle sensor re- 
sponse consistent with their individual use. 
[0087] FIG. 13 is a schematic electronic block dia- 
gram of the sensors 265, which preferably comprise 
standard commercially available sensors, such as the 
Toshiba Photo IC Model TPS831 . At least two sensors 
are used in the preferred embodiment. The sensors 
preferably are part of a receiver unit that includes an 
optical filter, such as a bandpass filter tuned to a range 
of wavelengths around the center LED frequency. A mix- 
er 285, such as an OR gate, may be used as a signal 
combining element to combine signals from several 
sensors. The signals may then be fed into a microproc- 
essor protocol translator 290 to translate the pulse mod- 
ulated signals into position information. 
[0088] This embodiment also comprises a power 
management approach to improve battery lifetime in the 
detachable input unit 100. The preferred embodiment of 
FIG. 2A, 2B, 2C, and 2D is too small to be consistent 
with a power supply comprising two conventional AA 
batteries. The preferred power supply is a compact 3V 
camera battery, which has a diameter of about one and 
a half centimeters and a length of slightly more than two 
and a half centimeters. However, the total stored energy 
in a compact camera battery is limited. The inventors 
have estimated that conventional infrared mouse de- 
signs, if powered by a miniature camera battery, would 
only have a useful lifetime of at most a few weeks of 
continuous use. The useful battery lifetime would be fur- 
ther decreased if the infrared transmitter power was in- 
creased to permit the mouse to be used more than an 
extremely short distance from the notebook computer. 
The short battery lifetime is not only costly but is also 
inconvenient to the user. 

[0089] The inventors have recognized that an energy 
efficient power management approach permits a sub- 
stantial increase in battery lifetime. FIG. 14 is a block 
diagram showing the block electronic functions of the 
detached input module 100 in one embodiment. A pow- 
er source 450 preferably comprises a compact camera 
battery. The power source 450 powers an infrared trans- 
mitter 405, microprocessor control circuit 400, touch pad 
420, and rotary encoders 410, 415, used to sense the 
position of mouse ball 140. 

[0090] One significant improvement in power man- 
agement is to utilize one or more miniature switches 1 90 
as an inlrared power control switch 425 on detached in- 
put device 100 to permit the user to adjust the strength 
of the infrared transmitted power appropriate for a par- 
ticular application. As is well known, the power density 
of a diverging laser beam tends to decrease with the 
square of the distance from the source. Consequently, 
a doubling of the distance between the input device to 
the notebook computer while maintaining the same sig- 



nal strength requires a four-fold increase in transmitted 
power. However, since users may desire to use the input 
device 100 in different ways, power is wasted if the in- 
frared beam strength is fixed at the minimum required 

5 for long-distance (e.g., two-to-three meters) use. Pref- 
erably, the infrared power control switch 425 has switch 
positions corresponding to an "off mode", a "short 
range" mode, and a "long range" mode. An "off mode" 
permits the electronics to be completely shut down 

to when the input device 100 is not in use, such as when 
glide point 70 is used and the detached input device is 
stowed in its cavity. The short range mode permits the 
infrared power to be selected to provide a signal which 
can be received from a comparatively short distance, 

is such as a half-meter or less from the notebook compu- 
ter. The long range mode can be used to increase the 
power appropriate for long range applications (e.g., a 
customer presentation), such as a separation distance 
of between one- half meter to three meters. Note that 

20 the above described ranges are illustrative ranges cor- 
responding to different ways that an infrared input de- 
vice 100 may be used. Generally the miniature switch 
1 90 could have several discrete power settings or a slide 
switch to permit a continuous range. Preferably the min- 

25 iature switch 425 permits control of the infrared output 
power by at least a factor of ten so that the power can 
be adjusted to maintain a minimum intercepted power 
density for a greater than a factor of three variation in 
the distance between the input device and the notebook 

30 computer. The ability to increase transmitted infrared 
power is also useful in some short range applications in 
which only a small fraction of the transmitted beam is 
intercepted by the notebook computer, such as operat- 
ing a mouse from an offset or tilted surface. Having a 

35 range of infrared power settings permits users to choose 
transmitter power settings sufficient for a variety of spe- 
cial applications. 

[0091] Microprocessor control circuit 400 preferably 
operates infrared LED transmitter 405 in a manner 

40 which reduces the quiescent power of the infrared LED 
transmitter 405 when no cursor position inputs are being 
made by the user. In the present invention an infrared 
pulse transmitter 405 using pulse position modulation 
with start/stop bits to signify the transmission of new 

45 bytes of position data is utilized because it is a simple 
implementation of a pulse modulation data format that 
does not consume transmitter power when position up- 
date data is not being sent. This is shown in FIG. 14B. 
However, other pulse-modulation data formats which 

so are familiar to those of ordinary skill in the art of infrared 
control device and infrared communications systems 
may also be used, such as pulse-width modulated puls- 
es. Thus, the microprocessor 400 preferably sends cur- 
sor position update information in the form of pulses (e. 

55 g. , pulse width modulation or pulse position modulation) 
so that no infrared transmitter power 405 is consumed 
when the input device 100 is in a quiescent state. 
[0092] Preferably the microprocessor 400 is selected 
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to have a low quiescent power requirement. Those of 
ordinary skill in the art of microprocessor circuit design 
are presumed familiar with design choices which reduce 
the quiescent power requirements of a microprocessor 
system. 

[0093] Referring to FIG. 14A, there are also additional 
power consuming elements in addition to the infrared 
transmitter. The mouse push buttons 430 may consume 
a small current when they are switched. However, in a 
quiescent mode they do not consume power. Depend- 
ing upon its implementation, a touch pad 420 consumes 
little or no power in a quiescent mode. Other electronic 
inputs to the microprocessor, such as an identification 
switch 435, may also be designed to consume negligible 
power in a quiescent mode. However, a conventional 
mouse has rotary encoders 410, 415 which consume 
substantial amounts of power even in a quiescent mode. 
Referring to FIG. 15 which shows one rotary encoder, 
in a conventional mouse or trackball the change in po- 
sition of the ball 140 in one direction (x ory) is coupled 
to an axis 455 which changes the position of a slotted 
disk 460 having a plurality of radial slots 465. The rela- 
tive motion of the slotted disk 460 is measured using 
one LED lamp 470 and one photo-transistor 475 to form 
what is termed a "photo-interruptor.' As the slotted disk 
460 rotates, slots 465 come into alignment with the LED 
470 and phototransistor 475, producing a series of elec- 
tronic pulses which can be used to accurately determine 
small changes in the position of the mouse ball along 
one axis. A measurement system which utilizes two 
photo-interruptors similar to that of FIG. 1 5 to determine 
mouse position in the x and y direction is commonly 
known as an optical encoder. 

[0094] The size and number of slits 465 on the slotted 
disk 460 of each rotary encoder is typically selected so 
that small motions of the mouse ball 1 40 may be accu- 
rately measured. However, in order for the optical en- 
coder to perform an accurate measurement function, 
the two LED lamps must be operated in a continuous 
mode, which consumes substantial energy even when 
the input device 100 is in a quiescent state. In a quies- 
cent state with the transmitter 405 off and the microproc- 
essor controller 400 in a quiescent mode, the rotary en- 
coders 410, 415 used to sense mouse ball 140 move- 
ment constitute a substantial fraction of the total power 
requirement. 

[0095] Conventional "sleep" methods used in note- 
book computers to power down high current electronics 
cannot be used in a detachable wireless mouse. In a 
conventional sleep mode used in a notebook computer, 
an interrupt signal from a sensor (e.g., the touchpad or 
a keyboard key) provides an interrupt signal used by a 
control circuit to awaken high current electronics, such 
as the hard drive. However, in an infrared mouse the 
rotary encoders are the largest quiescent current drain 
on the battery so that conventional power conservation 
approaches are inapplicable. 

[0096] In this embodiment, the optical encoder is 



comprised of two rotary encoders 410, 415 which are 
preferably operated in two distinct modes. The first 
mode comprises a conventional optical encoding mode 
in which the photo-interruptors are powered continuous- 

s |y to permit accurate determination of the position 
changes of the mouse ball 140. The second mode com- 
prises a low power motion-sensor mode in which the 
photo-interruptors are operated in a pulsed (strobe) 
mode. The low-power motion-sensing mode is incon- 

w sistent with accurate sensing of trackball position be- 
cause the LED tamp 470 is pulsed on and off. In a 
strobe-mode, the motion of mouse ball 140 results in 
only a small fraction of the number of electronic pulses 
which would ordinarily result in a continuous mode of 

15 operation. Moreover, in a strobe-mode the rotary encod- 
er does not provide accurate information on the motion 
of the mouse ball 140. However, the inventors have rec- 
ognized that in a strobe-mode data pulses from a rotary 
encoder indicate that the mouse has been moved by the 

20 user. In a pulsed mode the rotary encoder acts like a 
motion sensor. Data from the rotary encoder operated 
in a pulsed mode can be used to provide an interrupt 
signal to a microprocessor controller 400. The control 
circuit 400, acting in response to an interrupt signal, can 

25 then awaken the optical encoder to operate in a contin- 
uous position-determining mode. As shown in FIG. 14A, 
each rotary encoder 410, 415 prelerably may be ena- 
bled/disabled by microprocessor 400, thus permitting 
the rotary encoders 410, 415 to be operated in either a 

30 pulsed motion-sensing mode or a continuous accurate 
position-sensing mode. 

[0097] FIG. 1 6 is a flow chart showing a preferred se- 
quence of steps to conserve quiescent photo-interruptor 
power. The polling mode comprises a mode in which the 

35 controller 400 operates the photo-interruptors in a 
pulsed mode with a low duty cycle, such as a mode of 
operation with less than a 1% duty cycle pulses (e.g., 
pulses less than 100 nanoseconds long and with a pe- 
riod of between about 0. 1 second to 0. 3 seconds). In the 

40 polling mode 360, the photo-interruptors periodically 
poll (test) the state of the rotary encoders and compares 
it to the last recorded state stored in the microprocessor 
400 memory of the mouse. If movement is detected, the 
microprocessor 400 switches the optical encoder LED 

45 lamps 470 into an accurate sensing mode in which the 
rotary encoders 31 0 are operated in a continuous mode. 
Once the rotary encoders 31 0 are switched on, accurate 
sensing occurs. Additional mouse 305 position informa- 
tion or button information results in an event 315 so that 

so rotary encoding 320 of the movement takes place re- 
sulting in x,y data 325 being converted into pulse data 
330 which is transmitted 335 to the notebook computer. 
The microprocessor preferably keeps the photo-inter- 
ruptors on for a short additional time in the absence of 

55 further inputs, such as a one-second delay 340. If more 
mouse motion 345 is sensed, then the LED lamp stays 
on and x.y data continues to be transmitted. However, 
if no mouse motion 345 is detected after one second (or 
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some other suitable period), the photo-interruptor is 
switched back into a lamp-off 350 mode. The photo-in- 
terruptor is then switched into sleep (polling) mode 355, 
which periodically polls 360 the state of the rotary en- 
coders. 

[0098] The. preferred sleep mode th us saves substan- 
tial power while still being user friendly. The polling pe- 
riod can be short enough (e.g., 0.1 seconds) so that the 
mouse begins accurate optical encoding 320 of mouse 
motion within a short time period (e.g., less than about 
0.2 seconds) after the user moves a mouse that has 
been in the low-power polling mode. The turn-on re- 
sponse time is fast enough that from an ordinary user's 
perspective the mouse behaves as if it is always awake. 
However, the comparatively fast (e.g., less than one 
second) switch into a polling mode after the cessation 
of new inputs results, electronically, in a mouse which 
is normally in a power-conserving polling-mode in the 
absence of continuous inputs. The method illustrated in 
FIG. 1 6 can reduce the quiescent power required to op- 
erate two rotary encoders comprising an optical encoder 
by a factor of up to one-hundred. 

[0099] The inventive input device 1 00 preferably has 
an identification code switch 435 which can be used to 
prevent undesirable cross-talk between the notebook 
computer and other infrared control devices. As previ- 
ously discussed, the data is preferably transmitted as 
infrared pulse position modulated (PPM) pulses, al- 
though other pulse modulation schemes could be used 
as well. Preferably, as shown in FIG. 17, the position 
information is transmitted in a block of three bytes, each 
of 8 bits, which is transmitted every thirty milliseconds. 
The first byte 505 contains information on the mouse 
button switch position, a three-bit identification (ID) code 
506, and additional parity, check, and/or start/stop bits. 
The second byte 510 contains information on the x-po- 
sition data while the third byte 515 contains information 
on the y-position data. The utilization of a first byte con- 
taining an ID code 506 and parity bit helps to mitigate 
possible interference problems. 

[01 00] One possible drawback with the wide angle in- 
frared sensor of this embodiment is that infrared signals 
from other infrared control devices may be received and 
hence corrupt the data inputs. For example, in some sit- 
uations, other infrared control units (e.g. , television con- 
trollers) may be used in the same room as the notebook 
computer. Including a parity/check bit makes it extreme- 
ly unlikely lhat other infrared control units will cause del- 
eterious cross-talk. However, since some companies 
purchase substantially the same notebook computer for 
all staff members, it is possible that two or more note- 
book computers may be utilized in close proximity to one 
another. Thus, it is preferable that the unit has a user 
settable ID code 506 that may be set by the user on the 
input device, with a corresponding means to adjust the 
code in the notebook computer (e.g., in a user prefer- 
ence program). An ID code switch 143 may be included 
in the detached infrared input device to permit the user 



to adjust the ID code 506. This permits the user to adjust 
the ID code 506 to prevent cross-talk. However, while 
the prevention of cross-talk is normally desirable, there 
may be some circumstances in which jamming is not a 

5 problem. For example, two salespersons giving an in- 
teractive presentation may want to adjust the codes of 
their input modules 1 00 so that they can alternately pro- 
vide cursor control (or other inputs) to one of their com- 
puters 1 0 during a presentation to a group of customers. 

to This would permit two (or more) salespersons to provide 
inputs to one notebook computer during a presentation 
without having to physically hand-over one infrared in- 
put device. However, for this case the two users may 
have to coordinate their activities in order to not transmit 

1 & data at the same time from the two infrared input devices 
to the notebook computer. 

[0101] The inventive detached input device may be 
used as either a mouse or as a touch pad. As shown in 
FIG. 18, the unit is preferably sized so that a hand 

20 (shown in phantom) may grip the unit with the thumb to 
one side and the index and middle fingers controlling 
the mouse buttons 120. This grip is comparable to that 
of a conventional mouse, although the comparatively 
small size of the unit means that only a portion of the 

2S thumb grasps the flared edge 130. Indeed, if the unit 
was substantially shorter than its preferred length of 
about seven centimeters it would be awkward to use the 
tip of the thumb to help control the mouse movement. 
As shown in FIG. 19, the unit's size and flared edges 

30 130 make it easy to change the hang grip so that the 
unit can be used as a touchpad 110. As shown in FIG. 
16, the unit is short enough that a user can control the 
mouse buttons 120 with their thumb while the unit rests 
in the palm of a hand (shown in phantom). However, as 

35 shown in FIG. 20 the unit is preferably narrow enough 
that a user can easily bend their thumb to touch any por- 
tion of the touchpad 110 while the unit rests in the palm 
of their hand. As shown in FIG. 21 , the preferred dimen- 
sions of the upper surface of unit 1 00 corresponds to an 

40 area of about two average-male thumbs-widths (shown 
in phantom) in width and one average-male thumb- 
length in length. Experiments by the inventors indicate 
that the unit cannot be made substantially smaller with- 
out becoming uncomfortable to use in either or both 

45 modes (mouse or touchpad) Also, experiments by the 
inventors indicate that flaring both edges 1 30 of the unit 
100 facilitates a comfortable grip for both mouse and 
touchpad uses. Also, flaring both edges with the same 
angle makes the unit comfortable for both left and right 

50 handed users. The input device is thus an ergonomic 
unit designed to be compact yet also providing a com- 
fortable hand grip for either mode of use. 
[0102] The infrared receiving sensors and infrared 
transmitter circuits used in this embodiment are modifi- 
es cations of well-known infrared controller circuits. A va- 
riety of circuits may be used. FIG. 22 shows a receiver 
circuit comprising a Toshiba TPS831 phototransistor re- 
ceiver. The Toshiba TPS831 is a preferred receiver be- 
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cause of its low cost and because it contains other circuit 
elements, such as amplifier and control circuits, which 
enable it to be "plugged in" as a substantially complete 
infrared receiver unit. As shown in FIG. 22, a compara- 
tively simple circuit arrangement may be used to collect 
pulse data from a TPS831 sensor because the TPS831 
sensor includes amplifier and control circuits. 
[01 03] A signal arbitration technique is preferably pro- 
vided to account for the fact that several cursor control 
inputs are possible . Also ; the signal arbitration tech- 
nique preferably reduces the complexity of the firmware 
in the control circuitry, particularly if clock/data line re- 
sources are shared. There are two principal ways that 
the notebook computer of this embodiment may be 
used. One way that the computer could be used is that 
only the glide point 70 and detached input module 100 
are used. For this case, it is desirable that the firmware 
in the keyboard controller disable inputs from one of the 
devices or, alternately, enable both devices so that the 
movements of the two input devices are summed up and 
sent as a single movement. Another way that notebook 
computer 10 may be used is in conjunction with addi- 
tional input devices attached to an external port. 
[0104] A variety of receiver designs and signal arbi- 
tration circuits are encompassed by the teachings of the 
present invention. However, FIGs. 23A, 23B, 23C, and 
23D show one preferred receiver and signal arbitration 
circuit which accomplishes a comparatively simple re- 
ceiver and signal arbitration function. FIG 23A is a cir- 
cuit schematic showing a portion of the receiver unit 600 
in the notebook computer. A receiver circuit 600 re- 
ceives input data from two or more sensors which are 
combined and fed into a receiver control unit. FIG. 23B 
is a circuit schematic showing a portion of the keyboard 
controller circuit. FIG. 23C is a circuit schematic show- 
ing a portion of circuitry used to enable/disable pointing 
devices. FIG. 23D is a circuit schematic of circuit termi- 
nations of FIG. 23Aand23B. FIG. 24 is a block diagram 
showing how the receiver circuit 600 is connected to a 
microprocessor 620 which is connected to other key- 
board l/F clock and data lines connected to keyboard 
controller electronics 650. 

[0105] The embodiment of FIGs. 23 and 24 performs 
a signal arbitration function in which when an external 
input device is connected to an external port (such as 
an external PS/2 mouse) both glide point 70 and infrared 
input device 100 are disabled. This arbitration approach 
is useful when a limited number of ports are connected 
to the keyboard controller and the same clock/data lines 
are used (i.e., multiplexing). However, those of ordinary 
skill in the art of notebook computer design are familiar 
with methods to modify the firmware of the control cir- 
cuitry of FIGs. 23 and 24 to work with multiple ports, 
which would permit an external input device to be used 
in conjunction with a glide point 70 and infrared input 
module 100. 

[0106] As previously described, a preferred embodi- 
ment of the inventive infrared input module comprises 



a mouse and touchpad input devices. However, other 
input devices besides a touchpad may be used. For ex- 
ample, as shown in FIG. 25, instead of a touchpad a 
trackball 702 may alternatively be used. Alternately, as 

s shown in FIG. 26, an "ergo track" or "eraser head" type 
input device 704 input device may be used instead of a 
touchpad. The ergo track and eraser head input device 
are common names for input devices comprised of a 
raised, approximately nickel-sized device which per- 

io forms a cursor control function in some notebook com- 
puters. Other types of input devices may also be incor- 
porated into the present invention. FIG. 27 shows a re- 
tractable joystick 706 that may be stowed into a recess 
708 on infrared input module 1 00. The joystick 706 may 

is for example, be a game joystick to facilitate a user play- 
ing a game. 

[0107] Additionally, other non-cursor related functions 
may be incorporated into the infrared input device. How- 
ever, in order to use the infrared input device 1 00 to input 

20 non-cursor related information, the computer must dis- 
tinguish between cursor control inputs and non-cursor 
control inputs. One means for the computer to distin- 
guish between cursor control inputs and non-cursor 
control inputs is for the user to alter a user preference 

25 program when the infrared input device is not being 
used as cursor control device. Another means to facili- 
tate using the infrared input device 100 for other appli- 
cations is for the infrared input device to transmit mode- 
control information which instructs the notebook com- 

30 puter 10 how to interpret bytes 510, 515. As previously 
discussed with reference to FIG. 17, several bits in the 
first byte 505 may be used as an ID code. However, sev- 
eral bits may also be used in the first byte 505 as mode- 
control bits to inform the notebook computer that non- 
35 cursor related information is being transmitted from the 
infrared input device in the form of bytes 510, 515. A 
miniature switch 1 90 may be included in the infrared in- 
put device to permit the user to adjust the mode-bits. 
For example, two bits devoted to mode-control informa- 

40 tion would provide the option of ordinary cursor control 
and three other non-cursor input modes. 
[0108] One function that increases the potential 
number of uses of an infrared input device is a mode in 
which a microphone disposed in the infrared input de- 

45 vice is used to establish an audio communications link 
with notebook computer 10. For example, as shown in 
FIG. 28, a microphone 710 may be incorporated into in- 
frared input module 100. Circuits to convert voice sig- 
nals into digital pulses suitable for infrared transmission 

50 are well-known in the context of fiber optics. Conven- 
tional, well-known circuits in infrared input module 100 
convert voice signals into infrared pulses transmitted 
notebook computer 10 using well-known principles. Us- 
ing the infrared input module 100 to transmit audio sig- 

55 nals would have many benefits. These include, but are 
not limited to, using the notebook computer as a public 
address systenrv facilitating voice control of the note- 
book computer during an interactive computer presen- 
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tation, or facilitating digital voice recording/identifica- 
tion. 

[0109] Another function that increases the functional- 
ity of an infrared input device is an optical image trans- 
mission link between the infrared input device 100 and s 
the notebook computer 10. For example, a variety of 
well-known miniature cameras which convert optical im- 
ages into digital signals could be incorporated into infra- 
red input module 100. As shown in FIG. 29, a miniature 
camera 712 could be incorporated along a portion of in- 10 
frared input module 100. This would permit the user 
many potential applications, such as using the infrared 
input module 100 to take digital photographs of custom- 
ers or to make records of documents which could be 
stored in the notebook computer or electronically trans- is 
mitted. 

[01 1 0] Another function that increases the functional- 
ity of an infrared input device is a laser pointer. As shown 
in FIG. 30, a laser pointer 714 could be disposed along 
one side of the infrared input module 100. A miniature 20 
switch 1 90 could be used to turn on/off the laser pointer. 
A laser pointer could be used, for example, to facilitate 
an interactive sales presentation in which the salesper- 
son pointed at various parts of the screen. 
[01 1 1] Still other functions could be included in the in- 25 
frared input device. For example, a numeric input pad 
could be included on the top surface of the infrared input 
device. For example silk screen pads or a compact elas- 
tomer key pad could be included. As shown in FIG. 31, 
a numeric input pad 716 included on infrared input de- 30 
vice 100 would permit a user to input numbers, such as 
telephone numbers or code/macro numbers. 
[01 12] A wide variety of electronic sensor and control 
devices may be incorporated intothe infrared input mod- 
ule as long as the device is compact and its outputs can 35 
be converted into a digital format which can be transmit- 
ted by the infrared transmitter of the infrared input de- 
vice. For example, as shown in FIG. 32, a finger print 
recognition device 718 could be disposed on a surface 
of infrared input module 1 00. For example, a finger print 40 
recognition device 718 comprised of a charge coupled 
device (CCD) array could be used to scan a user's fin- 
gerprint and the resulting data digitally transmitted back 
to the notebook computer. 

[0113] Generally, adding additional cursor control de- 45 
vices and/or additional data input devices to a detacha- 
ble mouse facilitates using a notebook computer in new 
ways. For example a infrared input module 100 with a 
mouse function, touchpad, laser pointer, and micro- 
phone would permit a salesperson to use a notebook so 
computer in a variety of new ways to enhance sales 
presentations. 

[0114] Thus, an embodiment of the invention uses a 
detachable auxiliary detachable infrared input unit and 
a notebook computer sensor design. The number, spac- ss 
ing, and orientation of infrared sensors disposed on the 
notebook computer is preferably selected to achieve a 
notebook computer with a wide angle infrared sensor 
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response. The inventive detachable infrared input unit 
preferably utilizes an energy efficient design which 1) 
permits the user to adjust the infrared power to select a 
transmitter power setting which is sufficient for a partic- 
ular application without being excessively wasteful; 2) 
utilizes a pulse-data transmission scheme which re- 
quires no infrared transmitter power during quiescent 
periods; and 3) utilizes a control circuit which operates 
the rotary encoder lamps of the mouse in a low average- 
power polling mode during quiescent periods. The in- 
ventive notebook computer preferably includes a user 
programmable ID code to prevent cross-talk problems 
with other infrared input devices. The inventive detach- 
able input unit is also sized and shaped to facilitate a 
user comfortably using the unit as either a mouse or a 
palm-held touchpad. The inventive auxiliary input unit 
and notebook computer is also preferably designed to 
permit the user to use the auxiliary input unit either alone 
or in combination with a conventional input unit perma- 
nently attached to the notebook computer The combi- 
nation of the above-described features greatly increas- 
es the potential functionality of an infrared mouse and 
significantly improves battery lifetime. In particular, the 
inventive notebook computer and detachable input unit 
facilitate new uses of a notebook computer, such as a 
salesperson using the notebook computer during pres- 
entations. 

[0115] Although a preferred embodiment of the 
present invention and modifications thereof have been 
described in detail herein, it is to be understood that this 
invention is not limited to those precise embodiments 
and modifications, and that other modifications and var- 
iations may be affected by one of ordinary skill in the art 
without departing from the scope of the invention as de- 
fined in the appended claims. 



Claims 

1. A portable computer to receive signals from a first 
input device by wireless transmission, comprising: 

a computer base section containing a second 
input device; 

a display section, said display section compris- 
ing a display, said display section coupled to 
said computer base section; and 
a receiver coupled to said display section, said 
receiver receiving signals from said first input 
device by wireless transmission. 

2. The portable computer of Claim 1 , further compris- 
ing a hinge which pivotally couples said display sec- 
tion to said base section, wherein said receiver is 
disposed opposite to said hinge. 

3. The portable computer of Claim 1 or 2, fu rther com- 
prising at least one additional receiver disposed on 
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said notebook computer. 

4. The portable computer of Claim 1 , wherein said dis- 
play section couples to said computer base section 
by a hinge and said receiver is disposed proximate 
to the hinge region of said display section. 

5. A portable computer to receive signals from an first 
input device, comprising: 

a computer base section containing a second 
input device; 

a display section, said display section compris- 
ing a display, said display section coupled to 
said computer base section; and 
at least two receivers which each receive sig- 
nals by wireless transmission Irom said first in- 
put device. 

6. The portable computer of Claim 5, wherein at least 
one said receiver is disposed on the display frame 
of said display section. 

7. The portable computer of Claims 5 or 6, wherein at 
least one said receiver is an external elevated re- 
ceiver coupled to said computer base section. 

8. The portable computer of Claim 5, wherein said re- 
ceivers consist of two sensors disposed in the frame 
of said display section. 

9. The portable computer of Claim 8, wherein said dis- 
play section couples to said computer base section 
by a hinge and said receivers are disposed proxi- 
mate to the hinge region of said display section. 

10. The portable computer of Claim 7, wherein the or 
each receiver is tilted out towards the sides of the 
keyboard at an angle less than fifteen degrees and 
tilted down towards the front of the keyboard at an 
angle less than about ten degrees. 

11. An input device for controlling the cursor position of 
a computer, comprising: 

a frame; 

a ball capable of being rotated to determine the 
cursor position, the ball coupled to said frame; 
an optical encoder comprising photo-interrup- 
tors disposed in said frame, said optical encod- 
er providing output signals in response to rota- 
tion of said ball; and 

a control circuit disposed in said frame, said 
control circuit receiving as inputs said output 
signals of said optical encoder, said control cir- 
cuit also capable of controlling the power to 
said photo-interruptors of said optical encoder; 



wherein said control circuit conserves power 
by operating said optical encoder in a periodic- 
pulsed mode when said ball is at rest longer than a 
preselected time interval and said control circuit uti- 
5 lizes said signals of said encoder in said periodic- 

pulsed mode to determine when to resume a con- 
tinuous position sensing encoder mode. 

12. The input device of Claim 11 , further comprising an 
to infrared transmitter coupled to said frame to trans- 
mit data pulses corresponding to the output signals 
of said optical encoder in the position sensing 
mode. 

is 13. The input device of Claim 12, further comprising a 
range switch coupled to said frame, said range 
switch comprising at least two infrared transmitter 
power settings for said infrared transmitter. 

20 14. The input device of Claims 12 or 13 in which the 
infrared transmitter transmits the data pulses as 
bytes with a start bit so that no infrared data pulses 
are transmitted when said ball is in a quiescent 
state. 

25 

15. The input device according to any of Claims 11 , to 

14, further comprising a user settable identification 
code. 

30 16. The input device according to any of Claims 11 to 

15, further comprising a laser pointer. 

17. An input device, comprising; 

35 a frame having top and bottom portions; 

a first input means, arranged to said bottom 
portion of said frame, detecting movement of 
said frame and being used for a pointing func- 
tion; 

40 a second input means, arranged to the top por- 

tion of said frame, being used for a pointing 
function; and 

a transmitter to transmit information from first 
and second input means; 

45 

wherein said frame is dimensioned so that 
said input device may be operated as a mouse with 
index and middle fingers of a hand on the top sur- 
face of said frame while a portion of the thumb is 
^o along an edge of said frame; and 

wherein said frame is further dimensioned so 
that said input device may be held along its bottom 
surface in the palm of a hand with the entire top sur- 
face accessible by the thumb. 

55 

18. The input device of Claim 17, wherein said second 
input means is a touchpad. 



14 

_0984351A2J_> 



27 



EP 0 984 351 A2 



28 



19. The input device of Claims 17 or 18, wherein the 
top surface of said frame is about one average 
thumb-length long and two average thumb-lengths 
wide. 

20. The input device of Claim 19, wherein the top sur- 
face is between six-to eight centimetres in length 
and between four-to-six centimetres in width. 

21. The input device of Claim 17, wherein said second 
input means is a trackball. 

22. The input device of Claim 17, wherein said second 
input means is an ergo track input device. 

23. The input device of Claim 17, wherein said second 
input means is an eraser-head type input device. 

24. The input device according to any of Claims 17 to 
23, further comprising a laser pointer. 

25. An input device, comprising; 

a frame, said Irame having a bottom and top 
portions; 

first input means, arranged to said bottom por- 
tion of said frame, detecting movement of said 
frame and being used for a pointing function; 
second input means to receive non-cursor re- 
lated information, said second data input 
means disposed on said frame; 
a transmitter coupled to said frame to transmit 
data; 

a selecting means for selecting a mouse mode 
and at least one other data input mode; and 
a control means for controlling said transmitter 
to transmit data corresponding to said first input 
means in a case where said selecting means 
selects said mouse mode, the control means 
for controlling said transmitter to transmit data 
corresponding to data input from said second 
input means in a case where said selecting 
means selects at least one other data input 
mode. 

26. The input device of Claim 25, wherein said second 
input means is a sound input means. 

27. The input device of Claim 25, wherein said second 
input means is an image input means. 

28. The input device of Claim 25, wherein said second 
input means is a finger print identification device. 

29. The input device of Claim 25, wherein said second 
input means is a joystick. 

30. A computer system, comprising: 



an input device having a first cursor pointing de- 
vice, and transmitting cursor control informa- 
tion as optical signals; 

a portable computer having a computer base 
5 section, a second cursor pointing device 

mounted on said computer base section, a dis- 
play section having a display and a receiver 
which receives cursor control information from 
said input device; and 
10 a signal arbitration circuit to determine how in- 

puts from said first cursor pointing device and 
said second cursor pointing device are used to 
control a cursor position; 

75 wherein said input device is dimensioned to 

fit into said computer base section. 

31 . The computer system of Claim 30, wherein said sig- 
nal arbitration circuit determines how inputs from a 

20 third cursor control device connected to an external 
port are used to control the cursor position. 

32. The computer system of Claim 30 or 31 , wherein 
the response of said signal arbitration circuit is pro- 

25 grammable. 

33. The computer system of Claim 30, 31 or 32, wherein 
said second cursor pointing device is always ena- 
bled and said computer may be programmed to 

30 lock-out said inputs from said infrared input device. 

34. The computer system of Claim 30, 31, 32 or 33, 
wherein said computer may be programmed to si- 
multaneously accept inputs from both said second 

35 pointing device and said input device. 

35. A computer system, comprising: 

a first input device having a frame having top 
40 and bottom portions, a first input means, ar- 

ranged on said bottom portion of said frame, 
detecting movement of said frame and being 
used for a pointing function, a second input 
means, arranged on the top portion of said 
45 frame, being used for a pointing function and a 

transmitter to transmit information from the first 
or second input means; and 
a portable computer having a computer base 
section with a second input device mounted on 
50 said base section, a display section connected 

to said computer base section and receiving 
means receiving said information by wireless 
transmission; 

55 wherein said computer base section of said 

portable computer has an accommodating part de- 
tachably accommodating said first input device and 
arranged at a position in front of said second input 
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device of said computer base section as seen by a 
user of the computer. 

36. The computer system of said Claim 35, wherein 
said receiving means is arranged on said display $ 
section. 
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